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Adaptive advantages of gynomonoecious species 
LU Yang HUANG Shuang-Quan* 
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Abstract Gynomonoecy is the sexual system in which individual plants have both female 
and hermaphrodite flowers. Compared to the other sexual systems, the adaptation and 
diversification of this system have been largely underappreciated. Gynomonoecious species 
have a diversity of floral traits and pollination systems despite that they account for only 
about 396 of the total species. Several hypotheses assume that the adaptive advantages of 
maintenance of gynomonoecy may enhance outcrossing, avoid pollen-pistil interference, 
permit flexible resource allocation of paternal and maternal functions, defense herbivores and 
increase the attractiveness to pollinators. However, the studied species were mainly restricted 
to the Asteraceae and a few empirical studies available rarely supported these hypotheses. 
Further studies are needed regarding the reproductive biology of gynomonoecious species in 
different groups and on different pollination systems. Such studies, together with phylogenetic 
studies on the groups concerned, will help us have a better understanding of the origin and 
evolution of gynomonoecy. 

Key words Gynomonoecy, sexual systems, adaptive advantages, reproductive biology. 
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UJOOOOOOOOOOOOOOOOOOOOOOOOOOOODO Darwin, 1877; 
Darlington, 1958; Stebbins, 1958; Baker, 1959] [] ה‎ D הההה‎ ] B. D] H. D. HU. B. DE. U. HE. D] 
ugggggggggpgpupumauguguggu.udguggubgbErttr. .L..L 
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OOO Geraniaceae) האאאא םםםם:םהםםםת ה ה ה‎ D I U UI : D U U ü 
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בםםםםםםםםםהםםםםםםםם םםטםםםםםםםםםםהםםםםםםםם 
Dianthus‏ ה םםםטםםםםםםםםםםהםםםםהםםםם םםםםםם:םםם 
םםם.םםםהםםםהםהםםהםםםםםםהםהםםהםהםםםםםהםםהםהםה sylvestris]]‏ 
Shykoff,‏ א מוסס)ם םם םםםםםםםטםםםהםהםטםהםםהםטםםהםםהםםםםם 
בםםםםםםםם תםםםםםםםםםםםםםםם .0000000000 209 
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RudbeckiaL.QQ [] [] Leucanthemum Mill.]Q O O O Coleostephus Cass.‏ חח חם חם םם 
בםםםםםםםםםםהםםםםםםםםםהה א & D DU D UU Waldheimia Karel.‏ 
ב ה םהםםםםםםםםםםםםםההשםםםםם 
UE ND D]. (sexual interference) []‏ בטם:םםםםםםםםםםםםםםםםםםם 
HOOUUGQUUOUOTD (Lloyd & Webb, 1986; Bertin & Newman, 1993; Barrett, 199‏ 
םםםםםםםםםםםםםםםםםהםםהםםםםםםםםהםםםםטט 2002a,‏ 
מםםםםם םםםםםםםםםםםםםםםםםםםם םםםםםםם 
HH D D. BH. BH E] E] HE] Hl‏ הח 200200 (Bertin & Kerwin, 1998; Bertin & Gwisc,‏ ם O EH‏ 
םםםםםטםםםםםםםםםהםםםםטםםםםםם.םם 
בםםםםםםםםםהםםהםםהםםםהםהםםםםםם הםםםםהםהםההםםםם 
מםםםםםםםםםם םםםםםטםםםםםהםםםםםםםםםםםםם 
בםםמםםםםהםםםםהנםםםשםםהםםטםםטםהםהםםטםםםםםםם.םם 
ED (Charnov & Bul, 1977; Willson, 1983; Bertin & Ker‏ ה ה ם םח תחתה תת הת םםם 
2 הםהםהםהםהםםםםםםםםםםםםםםםםםהםהםםהםפפ 
DUU (Ghiselin,‏ םםםםם.םםםהםםםםםהםםםםםםם םםהםםםםםםם 
םםםםםשםםםם םםםםםםםםםםםםםהםהה 1999 Lloyd,‏ ;1974 
פםררההההההההםהםהםםםםםטםםםםםםםםהםםםםם 
DL LD (Bertin & Kerwin, 1998)0 000‏ םם LOCI CE UE‏ םםטםםםם 
מסםםם.םםםטםםםםםםהםהנהםהטםטףםםםםהםםםם 6 
(Bertin & Kerwin, 1998; Bertin & Gwisc, 2002)[][] 0‏ ה םה ה םח ם ם 
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Rhoiptelea chiliantha Diels & Hand.-Mazz.] [] O QQ (Zhang et al., 1994), VO OO0U0 
בםםםםםםםםםםםםםטםםםםםםםםהםםהםהםםםםםםםםםםם.ם‎ 
םםםםםםםהםםהםהםםםםםםם הםםםםטםםטהםםםםםם םםםםםם‎ 

























































































₪ םי מים טי םי מ םי ם:ם ם‎ S EE ERE BED טייט ם יט‎ BE םי םי‎ BEBE SB] 
Cyathocline Cass.[] [] O O | Caloris R. Brown] [] [] O Epaites 68 ה‎ E] E] E] E] D]. D] L] 
0000.000000. םםםםםםםםםםהםםםםםםםהנםהםםהםםםםםם‎ 
בםםםםםםםםםהםםםםםםם הםםםטםםםםםםםםםםהםםםםםםםם‎ 
םםםםםםםטםםםםםםםטםם םםםםםםםםםםםםםםםםםם‎ 
םםםםםםםםםםםםםם םםםםהםםםםםםםםהםםםם םםםם‎ 
בםםםםםםםםםהםםםםםםם הםםטםםםםםטםםםםםםםםםםםםם‎ 
בםםםםםםםםםהםםםםםםםםםםםםהםםהםהםםםםם םםםםםםם‎ 
םםםםםםםOםOOOOOOOOOOOOOOOOOOOOOOOOOOOOOA‎ 
אםםםםםםםשםםםםםםטטםםםםםם םםםם‎ squatidus O O O D D 
בםםםםםםםםםםםםםטםםהםםםםםהםם םםםםםםםהםם םםםםם‎ 
O0 
ug בםםםםםם:;םםםםםםטםםטםםםטםהםםםםםםםםםםםםםם‎ 
מםםםםםםםםםםםםםםםםם‎ 








0 H H D 


Abbott R J, Schmitt J. 1985. Effect of environment on percentage female ray florets per capitulum and 
outcrossing potential in a self-compatible composite (Senecio vulgaris L. var. hibernicus Syme). New 
Phytologist 101: 219—229. 

Ashman T L. 2002. The role of herbivores in the evolution of separate sexes from hermaphroditism. Ecology 
83: 1175-1184. 

Baker H G. 1948. Corolla-size in gynodioecious and gynomonoecious species of flowering plants. Proceedings 
of the Leeds Philosophical and Literary Society (Scientific Section) 5: 136-139. 

Baker H G. 1959. Reproductive methods as factors in speciation in flowering plants. Cold Spring Harbor 
Symposia on Quantitative Biology 24: 177—191. 

Barrett S C H. 1998. The evolution of mating strategies in flowering plants. Trends in Plant Science 3: 
335-341. 

Barrett S C H. 2002a. The evolution of plant sexual diversity. Nature Reviews Genetics 3: 274—284. 

Barrett S C H. 2002b. Sexual interference of the floral kind. Heredity 88: 154—159. 

Bawa K, Beach J. 1981. Evolution of sexual systems in flowering plants. Annals of the Missouri Botanical 
Garden 68: 254—274. 

Bernardello C. 1999. Reproductive biology of Lactoris fernandeziana (Lactoridaceae). American Journal of 
Botany 86: 829-840. 

Bertin R I, Gwisc G M. 2002. Floral sex ratios and gynomonoecy in Solidago (Asteraceae). Biological Journal 
of the Linnean Society 77: 413-422. 

Bertin R I, Kerwin M A. 1998. Floral sex ratios and gynomonoecy in Aster (Asteraceae). American Journal of 
Botany 85: 235-244. 

Bertin R I, Newman C M. 1993. Dichogamy in angiosperms. The Botanical Review 59: 112-152. 

Burtt B L. 1977. Aspects of diversification in the capitulum. In: Heywood V H, Harbone J B, Turner B L eds. 





20 D םםםםםםםםםםםםםםם:םם‎ 237 


The Biology and Chemistry of the Compositae. London: Academic Press. 1: 41-59. 

Carlquist S. 1974. Island Biology. New York: Columbia University Press. 

Charnov E L, Bull J. 1977. When is sex environmentally determined? Nature 266: 828—830. 

Collin C L, Shykoff J A. 2003. Outcrossing rates in the gynomonoecious-gynodioecious species Dianthus 
sylvestris (Caryophyllaceae). American Journal of Botany 90: 579—585. 

Darlington C D. 1958. The Evolution of Genetic Systems. London: Oliver and Boyd. 

Darwin C. 1877. The Different Forms of Flowers on Plants of the Same Species. London: John Murray. 

Delph L F. 1996. Flower size dimorphism in plants with unisexual flowers. In: Lloyd D G Barrett S C H eds. 
Floral Biology. New York: Chapman and Hall. 217—237. 

Diggle P K. 1997. Ontogenetic contingency and floral morphology: the effect of architecture and resource 
limitation. International Journal of Plant Science 158 (suppl.): 99-107. 

Ghiselin M T. 1974. The Economy of Nature and the Evolution of Sex. Berkeley: University of California 
Press. 

Harris E M. 1995. Inflorescence and floral ontogeny in Asteraceae: A synthesis of historical and current 
concepts. The Botanical Review 61: 93-278. 

Harris E M, Tucker S C, Urbatsch L E. 1991. Floral initiation and early development in Erigeron 
philadelphicus L. (Asteraceae: Astereae). American Journal of Botany 78: 108-121. 

Huang S-Q ([] [] [] ). 2004. On several scientific terms in pollination biology and their Chinese translation. 


Acta Phytotaxonomica Sinica ([] [] OO O00 ) 42:B84 288] 

Huang S-Q (Q OQ), Guo vn (J [] [] ). 2000. New advances in pollination biology. Chinese Science 
Bulletin (Q QQ [] ) 45: 225-237. 

Ingram R, Taylor L. 1982. The genetic control of a non-radiate condition in Senecio squalidus L. and some 
observations on the role of ray florets in the Compositae. New Phytologist 91: 749-756. 

Leppik E E. 1977. The evolution of capitulum types of the Compositae in the light of insect-flower interaction. 
In: Heywood V H, Harbone J B, Turner B L eds. The Biology and Chemistry of the Compositae. London: 
Academic Press. 1: 61-89. 

Lloyd D G. 1972. Breeding systems in Cotula L. (Compositae, Anthemideae) I. The array of monoclinous and 
diclinous systems. New Phytologist 71: 1181-1194. 

Lloyd D G. 1979. Parental strategies in angiosperms. New Zealand Journal of Botany 17: 06. 

Lloyd D G. 1980. Sexual strategies in plants. I. An hypothesis of serial adjustment of maternal investment 
during one reproductive session. New Phytologist 86: 69-79. 

Lloyd D G Webb C J. 1986. The avoidance of interference between the presentation of pollen and stigma in 
angiosperms I. Dichogamy. New Zealand Journal of Botany 24: 2. 

Mani M S, Saravanan J M. 1999. Pollination Ecology and Evolution in Compositae (Asteraceae). New 

Hampshire: Science Publishers. 

Marshall D F, Abbott R J. 1984a. Polymorphism for outcrossing frequency at the ray floret locus in Senecio 

vulgaris L. II. Confirmation. Heredity 52: 331—336. 

Marshall DE Abbott R J. 1984b. Polymorphism for outcrossing frequency at the ray floret locus in Senecio 

vulgaris L. III. Causes. Heredity 53: 145-149. 

Monaghan J L, Hull P. 1976. Differences in vegetative characteristics among four populations of Senecio 

vulgaris L. possibly due to interspecific hybridization. Annals of Botany 40: 125-128. 

Muenchow G E. 1998. Subandrodioecy and male fitness in Sagittaria lancifolia subsp. lancifolia 
(Alismataceae). American Journal of Botany 85: 513—520. 

Ornduff R. 1966. A biosystematic survey of the goldfield genus Lasthenia (Compositae: Helenieae). 
University of California Publications in Botany 40: 2. 

Richards A J. 1975. The inheritance and behaviour of rayed gene complex in Senecio vulgaris. Heredity 34: 
95-104. 

Richards A J. 1997. Plant Breeding Systems. London: Chapman and Hall. 

Stebbins G L. 1958. Longevity, habitat and the release of genetic variability in higher plants. Cold Spring 
Harbor Symposia on Quantitative Biology 23: 365-378. 

Trow AH. 1912. On the inheritance of certain characters in the common groundsel—Senecio vulgaris—and 
its segregates. Journal of Genetics 2: 239—276. 

Willson M F. 1983. Plant Reproductive Ecology. New York: John Wiley and Sons. 

WU Z-Y ([] [] [D ). 1991. The areal-types of Chinese genera of seed plants. Acta Botanica Yunnanica ([] [] [] 
OOO) Supplement IV: 1-139. 


Wu Z-Y (0 0 D ), Lu AM (0 0 [O ), Tang Y-C GOO), Chen Z-D (0 0 D). Li D-Z (0 0 D ). 2003. The 








44 0 


Families and Genera of Angiosperms in China: A Comprehensive Analysis. Beijing: Science Press. 


D ם ם ם ם‎ D 


208 


Yampolsky C, Yampolsky 11. 1922. Distribution of sex forms in the phanerogamic flora. Bibliotheca Genetica 


3: 1-62. 


Zhang D-Y ([] [] [] ). 2004. Plant Life-History Evolution and Reproductive Ecology ([] HO OU0000 


OOO OD). Beijing: Science Press. 


Zhang Z-Y, Lu A-M, Wen J. 1994. Embryology of Rhoiptelea chiliantha (Rhoipteleaceae) and its systematic 














No. of 
species 
2 
3 
1 


— rz Dä l2— Hä Ch Hä rs rs AN 4A 


Argyranthemum Webb ex Sch.-Bip. 


0 


relationship. Cathaya 6: 6. 








0 


























DU L 



































D 


Appendix The distribution of gynomonoecy in angiosperms from China 














Taxon 


Olea L. 
Osmanthus Lour. 








Syringa L. 
Polemoniaceae 
Polemonium L. 
Lamiaceae 
Calamintha Mill. 
Dracocephalum L. 
Glechoma L. 
Hyssopus L. 
Lycopus L. 
Melissa L. 
Mentha L. 
Nepeta L. 
Origanum L. 
Prunella L. 
Salvia L. 
Stachys L. 
Thymus L. 


Plantaginaceae 














Plantago L. 
Valerianaceae 

Valeriana L. 
Asteraceae 
Acanthospermum Schrank. 
Achillea L. 
Adenocaulon Hook. 
Ajania Poljakov 
Ajaniopsis Shih. 
Anaphalis DC. 
Anisopappus Hook. & Arn. 
Anthemis L. 
Arctogeron DC. 


Artemisia L. 
Aster L. 

Asterothamnus Novopokr. 
Bellis L. 

Blainvillea Cass. 
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Rhoiptelea Diels & Hand.-Mazz. 
Chenopodiaceae 


Spergularia (Pers.) J. & C. Presl. 


Rhaphidophora Hassk. 


eplis Bunge ex Ung.-Sternb. 




















Taxon 


Gramineae 

Coelachne R. Br. 
Araceae 

Epipremnum Schott. 
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Rhoipteleaceae 


Dysphania R. Br. 
Halocnemum Bieb. 














Kalidium Moq. 
Kirilowia Bunge. 
Kochia Roth 


Londesia Fisch. & Mey. 
Panderia Fisch. & Mey. 


Salicornia L.‏ ה 
Suaeda Forsk. ex Scop.‏ 
Caryophyllaceae‏ 
O Agrostemma L.‏ 
Arenaria L.‏ 
Cerastium L.‏ 
Dianthus L.‏ 
Lychnis L.‏ 
Minuartia L.‏ 


ה 
ה 
Sagina L.‏ ][ 
ה 
ה 








Silene L. 








Stellaria L. 
Crassulaceae 
Hylotelephium H. Ohba 
Sedum L. 
Geraniaceae 
Erodium L’ Herit. 
Geranium L. 
Onagraceae 
Fuchsia L. 


Oleaceae 
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Nemosenecio (Kitam.) B. Nord. 
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Taxon 











Krylovia Schischk. 
Lagenophora Cass. 





Laggera Sch.-Bip. 
Leucanthemum Mill. 
Ligularia Cass. 
Matricaria L. 
Microglossa DC. 
Myriactis Less. 














Neopallasia (Pall.) Poljark. 

Opisthopappus Shih 

Parthenium L. 

Pentanema Cass. 

Pericallis D. Don 

Petasites Mill. 

Phagnalon Cass. 

Pluchea Cass. 
Psychrogeton Boiss. 





Pulicaria Gaertn. 
Pyrethrum Zinn. 
Rhynchospermum Reinw. 
Rudbeckia L. 

Senecio L. 
Sheareria S. Moore 

Siegesbeckia L. 

Sinacalia H. Rob. & Brettell 

Sinosenecio B. Nord. 
Solidago L. 

Soliva Ruiz & Pav. 

Sphaeranthus L. 








Spilanthes Jacq. 
Symphyllocarpus Maxim. 
Synedrella Gaertn. 


Synotis (C. B. Clarke) C. Jeffrey & Y. L. Chen 


Tagetes L. 

Tanacetum L. 
Tephroseris (Rchb.) Rchb. 
Thespis DC. 
Tithonia Desf. ex Juss. 
Tridax L. 
Tripleurospermum Sch. -Bip. 





Tripolium Nees 
Turczaninovia DC. 

Tussilago L. 

Waldheimia Karel. & Kiril. 
Wedelia Jacq. 

Zinnia L. 
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Formania W. W. Sm. & J. Small 
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Taxon 














Blumea DC. 
Blumeopsis Gagnep. 
Brachanthemum DC. 
Brachyactis Ledeb. 
Buphthalmum L. 
Calendula L. 
Callistephus Cass. 
Calotis R. Br. 
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[] Carpesium L. 
Cavea W. W. Smith & J. Small 

Centipeda Lout. 

Chamaemelum Mill. 
Chrysanthemum L. 

Coleostephus Cass. 

Conyza Less. 

Coreopsis L. 

Cotula L. 

Cremanthodium Benth. 
Crossostephium Less. 
Cyathocline Cass. 

Dahlia Cav. 


Dendranthema (DC.) Des Moul. 
Dichrocephala L’ Herit. ex DC. 


Doellingeria Nees. 
Doronicum L. 
Eclipta L. 
Enydra Lour. 

O Epaltes Cass. 
Erechtites Raf. 
Erigeron L. 

0 O Farfugium Lindl. 
Filago L. 


Filifolium Kitamura 


Gaillardia Foug. 
Galinsoga Ruiz & Pav. 
Gerbera Cass. 
Glossogyne Cass. 
Gnaphalium L. 
Grangea Adans. 
Gymnaster Kitamura 
Helichrysum Mill. 
Heteropappus Less. 
Heteroplexis Chang 
Inula L. 
Kalimeris Cass. 
Karelinia Less. 








Kaschgaria Poljark. 
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